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1. [bookmark: _Toc1572328323]Introduction

This report is an evaluation of the introduction of aerodynamic features onto Formula One race cars. It investigates how the giants of the sport felt about aerodynamics becoming integral to the formula of racing and how this radically changed the direction of the sport forever. 
It discusses the key changes in how the cars were designed from the 1950’s to the present day. How the engineers thought they should design their cars, why, and highlight the engineering breakthroughs seen in this sport.









2. [bookmark: _Toc2068065320]Background
In the modern era, aerodynamics being a necessary part of Formula One, and motor-racing, would not take any second thoughts. However, during the antiquity of Formula One, in the 1950’s and 60’s aerodynamic features were either basic and hazardous, or absent entirely. 
[image: ](World Copyright - LAT Photographic, 1952)Figure1: Pictured is Ernst Klodwig racing the BMW Eigenbau at the 1952 German Grand Prix, Nürburgring, Germany.

Aerodynamics in racing fundamentally works with drag and downforce. When a car is accelerating, air resistance (drag) opposes the car and tries to slow it down. Engineers in Formula One have understood this since the birth of the championship. In the 1950’s the cars were designed with a very streamlined chassis to allow for smooth airflow along the car as it pierced the air. This concept is still prevalent in modern Formula One.
When a car is travelling along a racetrack, entering, and exiting a corner requires grip and traction. This involves not only the driver working with the “feel” of the car with the steering wheel and pedals, but also the engineers to create a stable, balanced, and predictable racing machine to encourage unrivalled consistency on a circuit. 
To improve grip, or traction, throughout a corner Formula One cars utilise downforce; when air pressure is pushing the car into the track creating and amplifying a cars traction during a corner, allowing a driver to approach corners at higher speeds with confidence.
[image: ]
Downforce is the opposite of upthrust. A plane's wing profile is designed to utilise upthrust to propel itself towards the sky keeping it afloat in air. Formula One cars’ wings are designed to keep its wheels glued to the tarmac.(World Copyright - LAT Photographic, 1968): Pictured Jackie Stewart Racing the Matra MS10-Ford, 1968 German Grand Prix, Nürburgring, Germany.

Along with all of this, the balance of a race car is an integral and fundamental piece of the puzzle. Without having a happy medium, a car will becoming unpredictable, either a lively rear or front end creating an unexpected snap of understeer or oversteer which can prove detrimental to a driver, and teams,’ success. Without enough downforce, a car may carry too much understeer into corners and the driver will not have an optimal turn into the apex compromising their exit. If there is too much downforce, there will ironically be an increase in drag, proving detrimental on a racetrack with particularly long straights.
Aerodynamics does not only involve the front and rear wings, or the chassis. Many times, in Formula One the concept of ground effect has been involved in improving aerodynamic grip. It involves designing an intricate floor that encourages air to be sucked under the car creating a low-pressure environment beneath the chassis. This in turn gives the car improved grip all round.
Engineers throughout the history of Formula One have designed some miraculous aerodynamic features that pushed the boundaries of safety, and the patience of the sport's governing body, the FIA.


3. [bookmark: _Toc499838024]Discussion 
3.1. The 1950’s.
In the 1950’s, Formula One cars featured basic aerodynamic structures. Prioritising the mechanical power of the engine, the chassis was streamline which reduced drag however lacked the aerodynamic features to produce downforce. The engineers of the period had little to no knowledge of downforce and the potential benefits so it reducing drag was the forefront of their minds.  Ground effect was unknown in this era so the underbelly of the cars were featureless and flat.
The cockpits were open seated, other than the clear safety hazards that come with this design, at high speeds the car will experience instability and increased drag. This also compromises the objective of the streamlined chassis.
In regard to cornering dynamics, without downforce effects the cars would be highly prone to oversteer and understeers when cornering. The cars were entirely reliant on the tires and suspension for grip. Alongside this, the large tire design caused aerodynamic instability and engineers had little knowledge of how to counteract these effects.

 [image: ]
(World Copyright - LAT Photographic, 1950): Pictured Giuseppe Farina, Alfa Romeo 158, leading Alfredo Pian, Maserati 4CLT-50, and José Froilán González, Maserati 4CLT-48. Circuit de Monaco, Monaco. 

A notable example of a car demonstrating the advantages of utilising aerodynamics was the Mercedes-Benz W196 Streamliner “Type Monza”. Used at tracks with high top speeds like Monza, it brandished a streamlined body with enclosed wheels reducing the aerodynamic disturbance around the car. However, it was far less affective at tracks with tight corners. The car won three races in its time, the French grand prix in 1954, and the Italian Grand Prix in 1954 and 55. It remains the only closed wheel Formula One car to win a race, highlighting how ahead of its time the car was.
[image: ](World Copyright - LAT Photographic) Juan Manuel Fangio, Stirling Moss, Piero Taruffi and Karl Kling - Mercedes Benz W196 - 1955 Italian Grand Prix (Autodromo Nazionale Monza)

3.2. Ground Effect and Advancements in Downforce.
Throughout the 60s and into the 70s wings became features on Formula One cars as an understanding of downforce came into place. Ground Effect was a concept that revolutionised Formula One in the late 70s and early 80s by generating downforce thorught intrecite underbody (floor) designs. This created unforeseen cornering speeds without the risk of drag from front and rear wings.
The Lotus 78, driven by Mario Andretti, was the first car that sported the floor design with venturi tunnels, creating low pressure that sucked the car to the track surface. The car had a legendary competitive edge due to the revoltionary designs by Colin Chapman
It featured skirts on the side of the chassis that essentially protected the working area of the floor from having any high-pressure air disturbing the ground effect environment.
The structure of the floor on ground effect cars were very delicate, and still are, in order to protect its integrity stiff suspension was ran and posed a safety hazard when on uneven track surfaces. Changes sudden suspension movements caused a distruption in downforce, “porposing” which was also seen after the 2022 Formula One reglations came into place.
In 1983, the FIA banned flat-bottomed cars, making ground effect cars illegal. This was done as into the 1980’s safety concers grew, and intended to improve driver safety. 
Source [image: ] Radical proportions gave way to a radical philosophy, side skirts helping Lotus's cause – as illustrated by Giorgio Piola

3.3 Innovations in Bodywork and Wing Design.
Into the 1990’s, Formula One teams developed a more precise wing structure with multiple elements, having intent to redirect airflow around the car to maximise aerodynamic potential.  Rear diffusers became integrated into the rear wing with fine tuned features  to enhance airflow under the car for improved rear downforce.[image: ] (World copyright - LAT) Damon Hill driving the Williams FW16, Circuit de Monaco, Monaco, 1994

 Teams being able to fine tune the front and rear wings became a key aspect of these new developments. The angle and height of front and rear wings are changed to promote a desired ammount of downforce to optimise the cars for differing track layouts over the course of a season.
Along with the intricate front a rear wing developments, the teams were still trying to find ways to generate as much downforce as possible.  After the ground effect ban in 1983, teams gravitated to the diffuser as a means to generated extra aerodynamic load at the rear of the cars. Into the late 90’s, diffusers became larger and more intricate.
Also, advancements in wind tunnel testing and using computational fluid dynamics (CFD) to study airflow more accurately encouraged an obsession with downforce and creating a clean flow of air around a cars chassis.
[image: ] (World copyright: Charles Coates - LAT) Fernando Alonso Driving the Renault R26, 2006 Hungarian Grand Prix.

Formula One in the 2000’s saw radical design improvements and changes in efforts to edge ahead of the close competition. Front wings became elaborate and complex to control airflow as engineers understood further how to control air around the cars and there was a hyper focus on aerodynamic efficiency. The cars became sensitive to the slightest adjustments. This era was littered with regular rule changes due to safety concerns pushing tighter constraints on what teams could develop.
The teams Ferrari and Renault spearheaded the development of the blown diffusers. They used gasses expelled from the exhaust to boost airflow through the diffuser, creating significant gains in performance. 
4. [bookmark: _Toc1366845555]Conclusion 
The timeline of aerodynamic development in Formula One is living proof of the engineering pursuit of perfecting speed and efficiency. Moving from simplistic drag reduction in the dawn of the sport to innovative bodywork features to generate downforce. What has been seen on these race cars has redefined motorsport repeatedly.
Aerodynamics has been the key to creating closer, safer, competitive racing and will continue to do so. The constant battle between regulations and creative engineering minds will preserve the competitive racing that keeps Formula One at the pinnacle of motorsport engineering.
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